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ROBOTIC DEVICE WITH COMPACT JOINT

arms and / or end effectors that can be used with the robotic
devices disclosed herein or other known robotic devices .

DESIGN AND RELATED SYSTEMS AND
METHODS

In Example 1, a robotic device comprises an elongate
device body, a first shoulder joint, and a first arm operably
CROSS -REFERENCE TO RELATED
5 coupled to the first shoulder joint . The elongate body com
prises a first lower gear drivetrain and a first upper gear
APPLICATION ( S )
drivetrain . The first lower gear drivetrain comprises a first
This application claims the benefit under 35 U .S .C . motor and a first driveshaft operably coupled to the first
$ 119 ( e) to U . S . Provisional Application 62 /078 ,192, filed motor and to a first lower bevel gear, wherein the first
Nov . 11 , 2014 and entitled “ Robotic Device with Compact " driveshaft is rotatably disposed within and is concentric with
Joint Design and Related Systems and Methods,” which is the first lower bevel gear and a first upper bevel gear . The
hereby incorporated herein by reference in its entirety .
first upper gear drivetrain comprises a second motor oper
ably coupled to the first upper bevel gear. The first shoulder
15 joint comprises a first output shaft operably coupled to a first
output bevel gear, wherein the first output bevel gear is
This invention was made with government support under operably coupled to the first upper and first lower bevel

GOVERNMENT SUPPORT

Grant No. W81XWH -08 -02 -0043 , awarded by the U .S .

gears.

Army Medical Research and Materiel Command; Grant No.

Example 2 relates to the robotic device according to

W81XWH - 09- 2 -0185, awarded by the U . S . Army Medical 20 Example 1 , wherein the first arm is a first upper arm ,

Research and Materiel Command ; Grant No. DGE1041000 ,

wherein the device further comprises a first forearm oper

awarded by the National Science Foundation ; and Grant

ably coupled to the first upper arm .

Nos. NNX09A071 A and NNX10AJ26G , awarded by the

National Aeronautics and Space Administration . The gov ernment has certain rights in the invention .

Example 3 relates to the robotic device according to

Example 2, further comprising a first end effector operably

25 coupled to the first forearm .

Example 4 relates to the robotic device according to

FIELD OF THE INVENTION

Example 1, further comprising a second lower gear drive

train , a second upper gear drivetrain , a second shoulder joint,

The embodiments disclosed herein relate to variousmedi
and a second arm operably coupled to the second shoulder
cal devices and related components, including robotic and /or 30 joint. The second lower gear drivetrain comprises a third
in vivo medical devices and related components , such as motor and a second driveshaft operably coupled to the third
arms and end effectors. More specifically , certain embodi- motor and to a second lower bevel gear, wherein the second
ments include various robotic medical devices , including driveshaft is rotatably disposed within and is concentric with
robotic devices that are disposed within a body cavity and/or the second lower bevel gear and a second upper bevel gear.
disposed through an orifice or opening in the body cavity. 35 The second upper gear drivetrain comprises a fourth motor
Additional embodiments relate to various robotic device operably coupled to the second upper bevel gear. The second

arms and/or medical device operational components , often
referred to as “ end effectors .” Certain arm and/ or end
effector embodiments disclosed herein relate to forearms

shoulder joint comprising a second output shaft operably
coupled to a second output bevel gear, wherein the second
output bevel gear is operably coupled to the second upper

having grasper and /or cautery end effectors . Further embodi- 40 and second lower bevel gears .
Example 5 relates to the robotic device according to
Example 4 , wherein the second arm is a second upper arm ,
operational components .

ments relate to methods of operating the above devices and

wherein the device further comprises a second forearm

BACKGROUND OF THE INVENTION
Invasive surgical procedures are essential for addressing

operably coupled to the second upper arm .

45

Example 6 relates to the robotic device according to

Example 5 , further comprising a second end effector oper

various medical conditions . When possible , minimally inva -

ably coupled to the second forearm .

inserted through access ports , and 2 ) limited visual feed -

train , and a first upper gear drivetrain . The first shoulder gear

System (available from Intuitive Surgical, Inc., located in

gear, and a first output bevel gear operably coupled to the

In Example 7 , a robotic device comprises an elongate
sive procedures such as laparoscopy are preferred .
However, known minimally invasive technologies such as device body , a first shoulder joint, and a first arm operably
laparoscopy are limited in scope and complexity due in part 50 coupled to the first shoulder joint. The elongate device body
to 1 ) mobility restrictions resulting from using rigid tools comprises a first shoulder gear set, a first lower gear drive

back . Known robotic systems such as the da Vinci® Surgical

set comprises a first upper bevel gear, a first lower bevel

Sunnyvale , Calif.) are also restricted by the access ports , as 55 upper and lower bevel gears . The first lower gear drivetrain

well as having the additional disadvantages of being very
large , very expensive , unavailable in most hospitals , and

comprises a first motor and a first driveshaft operably
coupled to the first motor and to the first lower bevel gear,

end effectors for use with the devices .

ably coupled to the first upper bevel gear. The first shoulder
joint comprises a first output shaft operably coupled to the

having limited sensory and mobility capabilities.
wherein the first driveshaft is rotatably disposed within and
There is a need in the art for improved surgical methods , is concentric with the first upper and lower bevel gears . The
systems, and devices, including improved robotic arms and 60 first upper gear drivetrain comprises a second motor oper

oor
first output bevel gear
.
BRIEF SUMMARY OF THE INVENTION
Example 8 relates to the robotic device according to
Discussed herein are various robotic devices having a 65 Example 7 , wherein the first arm is a first upper arm ,

compact body design that results from the configuration of

wherein the device further comprises a first forearm oper

the internal components. Also discussed herein are various

ably coupled to the first upper arm .

US 10 ,376 ,322 B2
Example 9 relates to the robotic device according to

invention . Accordingly , the drawings and detailed descrip

Example 8 , wherein further comprising a first end effector

tion are to be regarded as illustrative in nature and not

operably coupled to the first forearm .
restrictive.
Example 10 relates to the robotic device according to
BRIEF DESCRIPTION OF THE DRAWINGS
Example 7, further comprising a second shoulder gear set, a 5
second lower gear drivetrain , a second upper gear drivetrain ,
a second shoulder joint, and a second arm operably coupled
FIG . 1 is a perspective view of a robotic device, according
to the second shoulder joint. The second shoulder gear set to one embodiment.
comprises a second upper bevel gear, a second lower bevel
F IG . 2A is a perspective view of the device body of the
gear, and a second output bevel gear operably coupled to the 10 robotic device of FIG . 1 , according to one embodiment.

second upper and second lower bevel gears . The second

FIG . 2B is a cross- sectional front view of the device body

lower gear drivetrain comprises a third motor and a second

of the robotic device of FIG . 1 , according to one embodi

driveshaft operably coupled to the third motor and to the ment.
second lower bevel gear, wherein the second driveshaft is je FIG . 3A is a cross- sectional front view of a portion of the
upper and second lower bevel gears. The second upper gear

rotatably disposed within and is concentric with the second

device body of the robotic device of FIG . 1, according to one
embodiment.

Example 10 , wherein the second arm is a second upper arm ,

embodiment.

drivetrain comprises a fourth motor operably coupled to the
FIG . 3B is a perspective view of certain internal compo
second upper bevel gear. The second shoulder joint com - nents of the device body of the robotic device of FIG . 1,
prises a second output shaft operably coupled to the second 20 according to one embodiment.
FIG . 4A is a cross-sectional front view of a portion of the
output bevel gear.
Example 11 relates to the robotic device according to device body of the robotic device of FIG . 1, according to one
wherein the device further comprises a second forearm

FIG . 4B is a cross -sectional front view of a portion of the
25 device body of the robotic device of FIG . 1 , according to one
Example 12 relates to the robotic device according to
embodiment.
Example 11 , further comprising a second end effector oper FIG . 4C is a side view of certain internal components of

operably coupled to the second upper arm .

ably coupled to the second forearm .

the device body of the robotic device of FIG . 1 , according

a cautery shaft disposed within the slideable sleeve, a

components of the device body of the robotic device of FIG .

In Example 13 , an arm for a robotic device comprises an
to one embodiment.
arm body , a slideable sleeve associated with the arm body, 30 FIG . 4D is a cross -sectional top view of certain internal

cautery hook disposed at the distal end of the cautery shaft,

1, according to one embodiment.

a rotation actuation component operably coupled to the

FIG . 5 is a perspective view of a bevel gear and a driven

cautery shaft, and a sleeve actuation component operably

gear and related components, according to one embodiment.

coupled to the slideable sleeve . Actuation of the rotation 35

actuation component causes the cautery shaft to rotate .
Actuation of the sleeve actuation component causes the

FIG . 6 is a perspective view of an output shaft, bevel

gears , and related components , according to one embodi
ment.

slideable sleeve to move between a retracted position and an
FIG . 7A is a perspective view of a right shoulder joint of
a robotic device , according to one embodiment.
Example 14 relates to the arm according to Example 13 , 40 FIG . 7B is a perspective view of certain components of

extended position .

wherein the cautery shaft comprises a proximal cautery shaft
and a distal cautery shaft , wherein the proximal cautery shaft

is operably coupled to the distal cautery shaft .
Example 15 relates to the arm according to Example 13 ,

the right shoulder joint of FIG . 7A , according to one
embodiment.
FIG . 8A is a perspective view of an upper arm of a robotic

device , according to one embodiment.

further comprising a first drive gear coupled to the rotation 45 FIG . 8B is a bottom view of the upper arm of FIG . 8A ,
actuation component and a first driven gear coupled to
according to one embodiment.

cautery shaft . The first drive gear and the first driven gear are
FIG . 8C is a perspective view of certain components of an
rotationally coupled such that rotation of the rotation actua elbow joint, according to one embodiment.
FIG . 9 is a perspective view of a forearm of a robotic
tion component causes rotation of the cautery shaft.
Example 16 relates to the arm according to Example 13 , 50 device , according to one embodiment .
further comprising a second drive gear coupled to the sleeve
FIG . 10 is a perspective view of an elbow joint, according
actuation component, and a second driven gear coupled to a
leadscrew , wherein the leadscrew is disposed within and

threadably coupled to a nut, wherein the nut is coupled to the

to one embodiment.
FIG . 11 is a perspective view of various components of an

end effector drive mechanism , according to one embodi

slideable sheath . The second drive gear and the second 55 ment.

driven gear are rotationally coupled such that rotation of the
sleeve actuation component causes rotation of the leadscrew ,
which causes the nut to move laterally, which causes the
slideable sheath to move between the retracted position and

the extended position.

While multiple embodiments are disclosed , still other
embodiments of the present invention will become apparent
to those skilled in the art from the following detailed

FIG . 12 is a perspective view of end effector actuation
mechanisms, according to one embodiment .
FIG . 13 is a perspective view of a proximal portion of a
forearm , according to one embodiment.
60 FIG . 14 is a perspective view of a processor, according to

one embodiment.
FIG . 15 is a perspective view of a cautery end effector
with suction and irrigation capabilities, according to one
description, which shows and describes illustrative embodiembodiment.
ments of the invention . As will be realized , the invention is 65 FIG . 16A is a side view of a known SurgiWandTM device .
capable of modifications in various obvious aspects , all
F IG . 16B is a perspective view of a portion of the known
without departing from the spirit and scope of the present SurgiWandTM device.
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FIG . 16C is a side view of the cautery end effector of the
FIG . 17A is a side view of the cautery hook and extend
able sleeve of the cautery end effector of FIG . 15 in which
the extendable sleeve is in the retracted position , according 5

known SurgiWandTM device .

to one embodiment.
FIG . 17B is a side view of the cautery hook and extend
able sleeve of the cautery end effector of FIG . 15 in which
the extendable sleeve is in the extended position , according

U .S . Pat. No. 8, 179 ,073 ( issued May 15, 2011, and entitled
Related Methods” ), all of which are hereby incorporated
herein by reference in their entireties .
Certain device and system implementations disclosed in
“ Robotic Devices with Agent Delivery Components and

the applications listed above can be positioned within a body
cavity of a patient in combination with a support component
similar to those disclosed herein . An “ in vivo device ” as
used herein means any device that can be positioned , oper

10 ated , or controlled at least in part by a user while being
to one embodiment.
FIG . 18 is a perspective view of end effector actuation
positioned within a body cavity of a patient, including any

device that is coupled to a support component such as a rod
or other such component that is disposed through an opening

components , according to one embodiment.

FIG . 19 is another perspective view of the end effector

actuation components of FIG . 18 , according to one embodi-

or orifice of the body cavity , also including any device

15 positioned substantially against or adjacent to a wall of a

ment.

FIG . 20 is a side view of the proximal portion of a cautery
end effector with suction and irrigation capabilities, accord

body cavity of a patient, further including any such device
that is internally actuated (having no external source of

motive force ), and additionally including any device that
may be used laparoscopically or endoscopically during a

ing to one embodiment.
DETAILED DESCRIPTION

20 surgical procedure . As used herein , the terms “ robot," and

The various embodiments disclosed or contemplated

herein relate to surgical robotic devices , systems, and meth -

“ robotic device ” shall refer to any device that can perform
a task either automatically or in response to a command .

Certain embodiments provide for insertion of the present

ods. More specifically , various embodiments relate to vari invention into the cavity while maintaining sufficient insuf
ous medical devices , including robotic devices and related 25 flation of the cavity . Further embodiments minimize the

methods and systems. Certain implementations relate to
such devices for use in laparo - endoscopic single - site (LESS )

physical contact of the surgeon or surgical users with the
present invention during the insertion process. Other imple

surgical procedures. Further embodiments relate to certain

m entations enhance the safety of the insertion process for

robotic arms and / or end effectors that can used with the

the patient and the present invention . For example, some

robotic devices , including grasper and /or cautery end effec - 30 embodiments provide visualization of the present invention
as it is being inserted into the patient' s cavity to ensure that
tors.

It is understood that the various embodiments of robotic

no damaging contact occurs between the system /device and

can be incorporated into or used with any other known

minimization of the incision size /length . Further implemen

various embodiments disclosed herein may be incorporated
into or used with any of the medical devices and systems

dure and /or the steps required for the procedure . Other
embodiments relate to devices that have minimal profiles,

disclosed in copending U .S . application Ser. No . 11 /766 ,683
(filed on Jun . 21 , 2007 and entitled “ Magnetically Couple -

minimal size , or are generally minimal in function and
appearance to enhance ease of handling and use.

11/ 766 ,720 ( filed on Jun . 21, 2007 and entitled “Magneti cally Coupleable Surgical Robotic Devices and Related
Methods” ), Ser. No . 11 /966 ,741 ( filed on Dec. 28 , 2007 and

bination” or “modular” medical devices that can be
assembled in a variety of configurations. For purposes of this
application, both “ combination device ” and “modular

devices and related methods and systems disclosed herein

the patient. In addition , certain embodiments allow for

medical devices, systems, and methods. For example , the 35 tations reduce the complexity of the access /insertion proce

able Robotic Devices and Related Methods ” ), Ser. No. 40
entitled “Methods, Systems, and Devices for Surgical Visu -

Certain implementations disclosed herein relate to " com

device ” shall mean any medical device having modular or

alization and Device Manipulation” ), 61/030 ,588 ( filed on 45 interchangeable components that can be arranged in a vari
Feb . 22, 2008 ), Ser . No. 12 /171,413 ( filed on Jul. 11, 2008 ety of different configurations. Themodular components and
and entitled “Methods and Systems of Actuation in Robotic
combination devices disclosed herein also include seg
Devices” ), Ser. No . 12 / 192 ,663 ( filed Aug . 15 , 2008 and mented triangular or quadrangular -shaped combination
entitled Medical Inflation , Attachment, and Delivery
devices. These devices, which are made up of modular
Devices and Related Methods” ), Ser . No. 12 /192,779 ( filed 50 components (also referred to herein as " segments ” ) that are

on Aug . 15 , 2008 and entitled “ Modular and Cooperative
Medical Devices and Related Systems and Methods” ), Ser.

connected to create the triangular or quadrangular configu
ration , can provide leverage and /or stability during use while

No. 12 /324,364 ( filed Nov . 26 , 2008 and entitled “Multi

also providing for substantial payload space within the

functional Operational Component for Robotic Devices” ),

device that can be used for larger components or more

61/640 , 879 ( filed on May 1, 2012 ), Ser. No. 13 / 493 , 725 55 operational components. As with the various combination
(filed Jun . 11 , 2012 and entitled “Methods, Systems, and devices disclosed and discussed above, according to one
Devices Relating to Surgical End Effectors ” ) , Ser. No.
embodiment these triangular or quadrangular devices can be
13 /546 ,831 ( filed Jul. 11 , 2012 and entitled “ Robotic Sur positioned inside the body cavity of a patient in the same
gical Devices, Systems, and Related Methods ” ), 61/680 ,809
f ashion as those devices discussed and disclosed above .
( filed Aug . 8 , 2012 ), Ser. No . 13 /573 ,849 ( filed Oct. 9 , 2012 60 An exemplary embodiment of a robotic device 10 is

and entitled “ Robotic Surgical Devices, Systems, and

Related Methods ” ), and Ser. No . 13 / 738 , 706 (filed Jan . 10 ,

depicted in FIG . 1 . The device 10 has a main body 12 , a right
arm 14 , and a left arm 16 . Each of the right 14 and left 16

2013 and entitled “Methods, Systems, and Devices for arms is comprised of two segments or links. That is , the right
SurgicalAccess and Insertion ” ), and U . S . Pat. No. 7 ,492 , 116
arm 14 has an upper arm ( or first link ) 14A and a forearm (or
( filed on Oct. 31, 2007 and entitled “ Robot for Surgical 65 second link ) 14B , and the left arm 16 has an upper arm (or
Applications” ), U . S . Pat. No . 7 , 772 ,796 (filed on Apr. 3 ,
first link ) 16A and a forearm (or second link ) 16B . In each
2007 and entitled “ Robot for Surgical Applications” ), and arm 14 , 16 , the forearm 14B , 16B is coupled to the upper
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arm 14A , 16A at an elbow joint (or first joint) 14C , 16C , and

As mentioned above, the right output bevel gear 74 is

the upper arm 14A , 16A is coupled to the main body 12 at
a shoulder joint (or second joint) 14D , 16D .
FIGS. 2A and 2B depict the device body 10 , according to

coupled via gear teeth to both the right upper bevel gear 70
and the right lower bevel gear 72 . The output shaft 80 is
supported by bearing 120 , which is inset into the output

certain internal components of the body 10 are visible . The

thereto , such as upper arm 14A as best shown in FIGS . 1 and

body 10 has a right driveshaft 30 and a left driveshaft 32 ,

8A or any other upper arm as disclosed or contemplated

one exemplary embodiment. More specifically, FIG . 2A 5 bevel gear 74 as shown . In addition , the output shaft 80 is
depicts a perspective view of the body 10 , while FIG . 2B
also supported by bearing 122 , which is positioned in and
depicts a cross -sectional front view of the body 10 in which
supported by a proximal portion of the upper arm attached

both of which are rotatably disposed within the body 10 . A 10 herein . Further, the output bevel gear 74 is rotationally
right output shaft 34 and a left output shaft 36 are operably
coupled to the proximal end of the upper arm ( such as upper

coupled to the right driveshaft 30 and the left driveshaft 32 ,

arm 14A ), as best shown in FIGS . 7A and 8A and discussed

ponents , the description will focus on the right side of the

upper arm (such as upper arm 14A , as best shown in FIG .

body 10 , the right shoulder 14D , and the right forearm 14A .

7A ) such that the potentiometer 124 can measure the relative

respectively . More specifically , as discussed in further detail below .
below , the right driveshaft 30 is coupled to a right lower
As best shown in FIG . 4A , the body 10 has two potenti
bevel gear 72 such that the rotation of the driveshaft 30 15 ometers : an upper arm potentiometer 124 and a driveshaft
causes the rotation of the right lower bevel gear 72 . In the potentiometer 126 . The upper arm potentiometer 124 is
remainder of this description of the body 10 and its com - positioned around the output shaft 80 and coupled to the
It is understood that the components of the left side of the 20 angular displacement between the output shaft 80 and the

body 10 , the left shoulder 16D , and the left forearm 16A , the
relationship of those components to each other, and their

upper arm (such as upper arm 14A ). Further, the driveshaft
potentiometer 126 is operably coupled to a potentiometer

functionality is substantially similar to those components of

adapter 128 , which is rotationally fixed to the driveshaft 30

the right side of the body 10 , the right shoulder 14D , and the

such that rotation of the driveshaft 30 causes rotation of the
25 adapter 128 . The driveshaft potentiometer 126 measures the

right forearm 14A .

One implementation of an expanded view of the proximal
shown, the proximal end of the right driveshaft 30 is
end of the body 10 is depicted in FIGS. 3A and 3B . As

relative angular displacement between the driveshaft 30 and
In addition , in one embodiment, the adapter 128 also

the body 10 .

rotatably supported in the body 10 via a first bearing 50 and
functions in combination with the threaded bolt 130 to
a second bearing 52. The driveshaft 30 has a driven gear 54 30 preload the bearing 90 , thereby helping to provide support to

defined along its length such that the driven gear 54 is

the driveshaft 30 . More specifically , the tightening of the

disposed between the two bearings 50, 52 . As best shown in
bolt 130 in relation to the driveshaft 30 causes the potenti
FIG . 3B , the driven gear 54 is coupled to a drive gear 56 ,
ometer adapter 128 to make contact with the inner race of
which is operably coupled to a motor 58 . Actuation of the bearing 90 . This causes the shoulder 132 of the driveshaft 30
motor 58 causes the rotation of the drive gear 56 , which 35 to contact the inner race of bearing 94 and create a clamping
causes the rotation of the driven gear 54, which causes the
force as the shoulder 132 is urged against the inner race of

Further views of the internal components of the body 10

the bearing 94 . ( It should be noted here that the gap between
the shoulder 132 and the bearing 94 is exaggerated in FIGS .

are three right bevel gears in the distal portion of the body
10 : the right upper bevel gear 70 , the right lower bevel gear

96 , 98 , 100 that help to support the driveshaft 30 . In certain
alternative implementations , one or more spring washers or

rotation of the driveshaft 30 .

are shown in FIGS. 4A , 4B , 4C , and 4D , in accordance with
4A and 4B for easier depiction of the shoulder 132 . ) This
one embodiment. As best shown in FIGS. 4A and 4B , there 40 clamping force helps to preload all of the bearings 90 , 94 ,

72 , and the right output bevel gear 74 , all of which are

other known gap - filling components can be positioned

positioned around the output shaft 80 and are rotatably

between the shoulder 132 and the bearing 94 to reduce the

" rotationally constrained " ) to a driven gear 76 such that
rotation of the driven gear 76 causes rotation of the upper

The shoulder drivetrain components described above and
depicted in FIGS. 4A and 4B are concentric (or “ nested ” )

coupled to each other. The upper bevel gear 70 is coupled (or 45 amount of precision needed for machining etc .

bevel gear 70 , and both the upper bevel gear 70 and the

drivetrain components, thereby reducing the size require

driven gear 76 are supported by upper bevel gear bearing 78 . ments for the device body 12 . That is, each shoulder of the
As best shown in FIG . 4C , the driven gear 76 is coupled to 50 device 10 uses a bevel gear set (such as the set of three bevel
a drive gear 82 , which is coupled to a motor 84 . Actuation
gears 70 , 72 , 74 described above with respect to the right

of the motor 84 ultimately causes rotation of the upper bevel
gear 70 .

The lower bevel gear 72 is coupled ( or rotationally

shoulder 14D ) that is driven by concentric driveshafts ,

thereby resulting in a reduced size or compacted design of
the shoulder 14D and device body 12 . As an example as best

constrained ) to the driveshaft 30 . Thus, as best shown in 55 shown in FIGS . 4B and 4C , the distal portion of driveshaft
FIG . 4C , the motor 58 actuates rotation of the drive gear 56 ,

30 is disposed in or through the driven gear 76 , the upper

which causes rotation of the driven gear 54, which causes

bevel gear 70 , the output shaft 80, and the lower bevel gear

rotation of the driveshaft 30 , which causes rotation of the

72, such that the driveshaft 30 is concentric with each of

support 92.
As best shown in FIGS. 4A and 4B , the distal portion of

58 , 84 (as shown in FIG . 4C ) to be positioned in the body

lower bevel gear 72 ( as also shown in FIGS. 4A and 4B ). those components and is rotatable independently of driven
The lower bevel gear 72 is supported by lower bevel gear 60 gear 76 and upper bevel gear 70 . Nesting this driveshaft 30
bearing 90 , which is inset into the right lower bevel gear
( and driveshaft 32 as well ) makes it possible for both motors

12 above the bevel set 70 , 72 , 74 , thereby resulting in

the driveshaft 30 is supported by bearing 94 (which is inset smaller overall cross - sectional dimensions of the body 12
into driven gear 76 ) , bearing 96 (which is inset into upper 65 since neither a motor nor a driveshaft needs to pass along
bevel gear 70 ), and bearings 98 , 100 (which are inset into
side the bevel gear set. This compact design is best depicted
in FIG . 4D , which shows a cross -sectional cutaway view of
output shaft 80 ).
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an upper portion of the device body 10 . As shown , the 172A , 172B positioned around the edge that defines the
positioning of the driveshaft 30 concentrically with the gears
opening 170 . The two projections 172A , 172B mate with
54 and 70 , along with other components , requires less space slots 174A , 174B defined in the output bevel gear 74 such
within the device body 12 in comparison to any configura
that the upper arm 14A is rotationally coupled to the output
tion in which the driveshaft 30 is not nested and instead is 5 bevel gear 74 . As such , rotation of the output bevel gear 74
positioned alongside the gears 54 , 70 and themotor 58 . It is causes rotation of the upper arm 14A around an axis defined
understood that this compact nested configuration could also

by the bevel gear 74 . Alternatively , any known coupling

be incorporated into higher degree of freedom robot designs
as well .

mechanism or component for rotationally coupling two

gear 70 and its coupling to the driven gear 76 in further
detail. That is, the upper bevel gear 70 has two projections

FIGS. 8A , 8B , and 8C , in accordance with one imple
mentation , depict the upper arm 14A and the elbow joint

150A , 150B that define two slots 152A , 152B . Further, the

14C (also referred to herein as a “ distal joint” ) . The elbow

components can be used to couple the upper arm 14A and
FIG . 5 depicts one embodiment of the right upper bevel 10 the output bevel gear 74.

driven gear 76 has two projections 154A , 154B that are
joint 14C is a right angle bevel gear set which is offset about
configured to be positionable within the slots 152A , 152B of 15 45 degrees in relation to the longitudinal axis of the upper

the upper bevel gear 70 such that the driven gear 76 and

arm 14A , thereby improving workspace characteristics. That
upper bevel gear 70 are rotationally coupled to each other. is, the configuration of the elbow joint 14C as described
That is , the two projections 154A , 154B mate with the slots herein results in the forearm (such as forearm 14B of FIG .
152A , 152B , thereby coupling the driven gear 76 and upper 1 , forearm 220 of FIGS . 9 and 10 , or any other forearm
bevel gear 70 together. Further, the bearing 78 is positioned 20 disclosed or contemplated herein ) being positioned at a
around the projections 150A , 150B and the projections better angle in relation to the target tissue from which to
154A , 154B when they are coupled together, thereby helping perform various procedures in comparison to standard
to retain radially — the mating of the projections 150A , handheld laparoscopic tools that are positioned through
150B , 154A , 154B together. Alternatively, any known cou - laparoscopes, resulting in a larger, less desirable angle ). In
pling mechanism or component for rotationally coupling 25 various embodiments , the offset can range from about 0 to

two gears can be used to couple the driven gear 76 and the

about 180 degrees depending on the desired orientation for

upper bevel gear 70 . As further discussed above and

the arm 14 .

gear 76 , and bearing 96 is inset into upper bevel gear 70 . In

60 , which in this example is a circuit board 60 . In this

depicted in FIGS. 4A and 4B , bearing 94 is inset into driven

In one embodiment, the upper arm 14A has a processor

addition, as best shown in FIGS. 4A and 4B in combination 30 embodiment, the processor 60 is positioned on or coupled to
an external surface of the upper arm 14A . Similarly , the
above helps to retain the coupling of the driven gear 76 and device 10 depicted in FIG . 1 has several processors ( like
bevel gear 70 . That is , the driveshaft 30 is positioned
processor 60 ) positioned on exterior portions of the device
through the middle of the bearing 94 , driven gear 76 ,bearing 10 . Alternatively, the processor 60 can disposed within an
with FIG . 5 , the preloading of the driveshaft 30 as discussed

78 , bevel gear 70, and bearing 96 and constrains these 35 internal compartment or enclosure within the upper arm

components via the shoulder 132 being urged against the
bearing 94 as discussed above .
FIG . 6 depicts an implementation of the output shaft 80

14A , and , similarly, any other processors ( like processor 60)
such as those depicted in FIG . 1 can be disposed within
internal compartments or enclosures within the device 10 .

and its coupling to the bevel gears 70 , 72 , 74 in further

The processor 60 can be coupled to one or more motors and

detail. The output shaft 80 has an arm 160 that extends away 40 control the actuation of those motors. Certain processors 60
from the driveshaft 30 . As discussed above , bearing 98 is
can also be used for other functionalities other than motor
inset into the upper opening of output shaft 80 , and bearing
control, and thus are not coupled to any motors . For
100 is inset into the lower opening of the output shaft 80 . It
example , one or more processors 60 could be coupled to one
is understood that each of the bearings 98 , 100 rest on
or more sensors that are configured to detect information
internal shoulders (not shown ) within the output shaft 80 and 45 regarding the state of the robotic device or some component
thus do not come into contact with each other. Further , the
thereof (such as a joint position or some electrical charac

inner race of bearing 100 rests against the gear face of lower

bevel gear 72 . As mentioned above , the output shaft 80 is
supported by bearings 120 and 122 . Bearing 120 rests on the

shoulder 162 of the arm 160 of output shaft 80 and further 50

teristic ) or provide feedback regarding the environment

and/or the patient ( such as heart rate , cavity pressure , cavity

humidity , etc . ).

The elbow joint 14C is best shown in FIGS. 8A , 8B , and

is inset in output bevel gear 74 . The potentiometer 124 is
positioned between output bevel gear 74 and bearing 122 .

8C . The upper arm 14A has a gear case 180 at or near the
distal end of the arm 14A that contains or supports the

Bearing 122 , potentiometer 124 , bevel gear 74 , and bearing

second elbow bevel gear 204 and the potentiometer 210 (as

120 are positioned over and axially constrained onto the arm
best shown in FIG . 8C ) as described in further detail below .
160 of output shaft 80 by a bolt ( not shown ) that is 55 Further, the upper arm 14A also has a bearing case 182 that
threadably coupled to the end of the arm 160 . Further, it is
extends distally from the upper arm 14A and contains or
understood that bearing 122 , along with the potentiometer provides support for the bearing 208 , which is also described

124 , and output bevel gear 74 are constrained to the upper
arm ( such as upper arm 14A as shown in FIGS . 7A and 8A ) .

in further detail below .
As best shown in FIG . 8C , the actuation (also referred to

FIGS. 7A and 7B depict the right shoulder 14D , according 60 as " drivetrain " ) of the elbow joint 14C is created by a motor
to one embodiment. The upper arm 14A supports the poten 190 disposed within the forearm 14A that has an output shaft

tiometer 124 such that the potentiometer 124 is disposed

192 that is rotationally coupled to a drive gear 194 . This

within the upper arm 14A in this implementation . Further,

drive gear 194 is rotationally coupled to driven gear 196 ,

the upper arm 14A also supports bearing 122 , which is

which is supported by bearing 198 and bearing 200 . The

disposed within an opening (not shown) in the arm 14A . As 65 bearing 200 is positioned adjacent to the first elbow bevel

best shown in FIG . 7B , the upper arm 14A also has an

gear 202 , which is rotationally coupled to the driven gear

opening 170 defined in the arm 14A , with two projections

196 such that rotation of the driven gear 196 causes rotation
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of the first elbow bevel gear 202 . Further, in one implemen

tation , the driven gear 196 can be axially coupled to the first
elbow bevel gear 202 by a threaded bolt or other known
coupling component that can be positioned through the
driven gear 196 . The first elbow bevel gear 202 is rotation ally coupled to second elbow bevel gear 204 , which is
supported by bearing 206 and a forearm coupling link (such
as the coupling link 228 depicted in FIG . 9), which is

FIG . 11 depicts the end effector drive mechanism 250 of

5

positioned through the opening defined in the center of the

the forearm 220 . It is understood that the drive mechanism
250 is disposed within the body 222 of the forearm 220 (or
any other forearm embodiment disclosed or contemplated
herein ). In this implementation , the end effector 224 is a set
of graspers 224 . The end effector drive mechanism 250 has
grasper linkages 252, a drive pin 254, a drive yolk 256 , and
first and second bearings 258 , 260 . The graspers 224 are
coupled to grasper linkages 252 via the grasper arm holes

gear 204 . Bearing 208 receives and supports the other end of 10 274A , 274B such that actuation of the linkages 252 causes
the forearm rear link ( such as link 228 ) . In addition , as
movement of the graspers 224 . More specifically , the pro

mentioned above, a potentiometer 210 is positioned adjacent
to the bearing 206 and rotationally constrained by the gear
case 180 ( depicted in FIGS. 8A and 8B ). The potentiometer
210 measures the rotational displacement between the gear 15

trusions 272A , 272B on the distal ends of the linkages 252
are positioned within the holes 274A , 274B , thereby cou
pling the graspers 224 to the linkages 252. The drive pin 254
has a proximal length 254A with a circular cross -section and

case 180 and the forearm rear link (such as link 228 of FIG .
9 ), thereby measuring the amount of rotation of the forearm
(such as forearm 14B of FIG . 1 , forearm 220 of FIG . 9 , or

external threads (not shown ) and a distal length 254B with
a rectangular cross -section that is configured to be posi
tioned within the bearing 260, the yolk 256 , and the bearing

any other forearm disclosed herein ) in relation to the upper

258 . Further , the drive pin 254 has two holes 262A , 262B

20 defined near the distal end of the drive pin 254 . The holes
It is understood that certain alternative implementations
262A , 262B are configured to receive the projections 264A ,
have upper arms such as upper arm 14A that have no elbow
264B ( not visible ) on the grasper linkages 252 .
arm 14A .

joint and are not connected to a forearm . That is , certain

In this specific implementation , during assembly, the

device embodiments as contemplated herein can have two
drive pin 254 can be inserted from a originating proximal
arms extending from the device body , but no forearms. 25 direction distally through the bearing 260 , yolk 256 , and
FIG . 9 shows one embodiment of a forearm 220 that can
bearing 258 to be positioned therein , thereby allowing for
be incorporated into any of the robotic devices disclosed or assembly of the drive mechanism 250 from a proximal or
contemplated herein . For example , in one implementation , back portion of the forearm 220 (unlike known configura
the forearm 220 can be either the right 14B or left 16B
tions that require assembly from the front). Assembly from
forearm as shown in FIG . 1 . Returning to FIG . 9 , the forearm 30 the back allows the diameter of the proximal length 254 A to
220 has a forearm body 222 , an end effector 224 , a processor be larger in size and further allows the threads (not shown )

226 , and a coupling link 228 . The body 222 supports the

on the proximal length 254 A to be coarser in pitch than the

internal actuation components ( such as motors ) (not shown ) .

known , front- assembly configurations, thereby resulting in

As discussed elsewhere herein , the processor 226 is depicted improved rigidity and durability of the drive mechanism
as being attached to an external portion of the body 222 , but 35 250 . Alternatively , the components can be assembled by any
it is understood that the processor 226 could be positioned known method use any known order of steps .

within the body 222 . As discussed above and further below ,
the coupling link 228 functions to couple the forearm 220 to

The drive yolk 256 has a gear 308 coupled to or integral
with the yolk 256 and is supported by bearing 260 and

used .

224 .

an upper arm (such as upper arm 14A as described above ). bearing 258. Further, the yolk 256 has a pin hole 266 defined
In this implementation , the link 228 can have a mating 40 through the two prongs 268A , 268B of the yolk 256 . The pin
feature 230 . More specifically , in this exemplary embodi- hole 266 is configured to receive a pin ( not shown ) that is
ment, the mating feature 230 is a flat surface defined on the
also positioned through the pin hole 270 on the set of
link 228. Alternatively , any known mating feature can be
graspers 224 , thereby coupling the yolk 256 to the graspers
FIG . 10 depicts the elbow joint 240 between the forearm 45 The end effector actuation mechanisms 300 are depicted
220 and the upper arm 242 (which also could be the upper in FIG . 12 , in accordance to one embodiment. The mecha
arm 14A described above or any other upper arm embodi- nisms 300 are made up of two actuation components 302 ,

ment disclosed or contemplated herein ). The forearm 220 is

304 , which , in this example , are motors 302 , 304. Motor 302

second elbow bevel gear 204 and through an opening 244 in

above, the driven gear 308 is rotationally coupled to the

coupled to the upper arm 242 and to the second elbow bevel actuates the grasper assembly 224 to rotate around the
gear 204 in the upper arm 242 at the elbow joint 14C via the 50 longitudinal axis of the drive yolk 256 . More specifically ,
forearm coupling link 228 . More specifically , the coupling motor 302 is rotationally coupled to a drive gear 306 , which
link 228 is positioned through an opening ( not shown ) in the is rotationally coupled to the driven gear 308 . As discussed

the potentiometer 210 as well, thereby rotatably coupling the drive yolk 256 . Hence , actuation of the motor 302 causes
coupling link 228 to the upper arm 242 . Further, the mating 55 rotation of the drive gear 306 , which causes rotation of
feature 230 (as shown in FIG . 9 ) mates with the opening 244
driven gear 308, which causes rotation of the drive yolk 256 ,
in the potentiometer 210 such that the rotation of the link
which causes rotation of the entire grasper assembly 224 .
The other motor 304 of the actuation mechanisms 300
228 can be measured by the potentiometer 210 .
FIG . 13 depicts the proximal portion of forearm 220 , and
actuates the set of graspers 224 to open and close by
more specifically a close - up view of the forearm coupling 60 actuating the end effector drive mechanism 250 described

link 228 depicted in FIGS. 9 and 10 and discussed above . As
couple the forearm 220 to an upper arm , and more specifi -

above (and depicted in FIG . 11 ). That is, motor 304 is
coupled to driven gear 312 . The driven gear 312 is rotation

explained in further detail above , the link 228 is used to

rotationally coupled to drive gear 310 , which is rotationally

cally to couple the forearm 220 to the second elbow bevel

ally coupled to a lead nut 314 , which is coupled to the drive

gear 204 of the upper arm . As also discussed above, the 65 pin 254 of the drive mechanism 250 as discussed above .
mating feature 230 is configured to couple with the poten - More specifically , the threaded proximal length 254A of
drive pin 254 is disposed within a lumen (not shown ) defined
tiometer 210 .
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within the lead nut 314 . The lumen (not shown ) is threaded
such that the threaded proximal length 254A is threadably
coupled to the threaded lumen (not shown ) of the lead nut

hook 404 is exposed and can be used to perform a cauter
ization , while in the extended position , the sleeve 408
encloses and protects the hook 404 such that the hook 404

314 . As such , rotation of the lead nut 314 causes the drive
coupling between the nut 314 and pin 254. Thus, actuation
of the motor 304 causes rotation of drive gear 310 , which
causes rotation of driven gear 312 , which causes rotation of
the lead nut 314 , which causes axial translation of the drive
pin 254, which causes the graspers 224 to open and close as 10

cannot make inadvertent contact with any tissues . Thus ,
extended position when the cautery hook is not being
used especially during positioning of the robotic device
and/or the forearm 400 . Once the forearm 400 (and thus the
end effector 402 ) is positioned as desired , the sleeve 408 can
be retracted to its retracted position so that the cautery hook

discussed above.

404 is exposed and can be used to cauterize a target tissue .

processors such as processor 230 are used throughout the

implementations.More specifically, FIG . 18 best depicts one

pin 254 to translate axially as a result of the threaded 5 during a procedure , the sleeve 408 can be positioned in its

One exemplary implementation of a processor 320 is
depicted in FIG . 14 . As discussed above, it is understood that

The actuation components used to operate the end effector
402 are depicted in FIGS. 18 and 19 , according to certain

robotic device embodiments disclosed or contemplated 15 embodiment of the components that operate to cause the end
herein . In certain implementations, one or more of the
effector 402 to rotate around its longitudinal axis . As shown

processors such as processor 230 can be a circuit board 230 .

in FIG . 18 , enclosed within the forearm body 401 (as shown

Each of the processors 230 can be coupled to the motors

in FIG . 15 ) is an actuation component 420 that in this

and/ or joints of the device , thereby transmitting and receiv example is a motor 420 . The motor 420 is rotationally
ing communication signals thereto . In further embodiments, 20 coupled to drive gear 422 , which is rotationally coupled to

the processors 230 can also transmit power to and / or receive

driven gear 424 . The driven gear 424 is rotationally coupled

power from the motors and /or joints . In certain specific

to the proximal cautery shaft 426 (which is coupled to the

embodiments, communication with the processor 230 is

distal cautery shaft 406 ). In accordance with one embodi

provide redundancy and allow for separate analysis and
debugging of the systems.
It is understood that the motors described herein are

shown ) that is slideably disposed along the length of the
shaft 426 such that it is positioned around and in contact
with the circumference of the shaft 426 . The electrical

done through the RS485 protocol. In further implementa - ment, the proximal cautery shaft 426 can be supported by
tions , each of the processors 230 are circuit boards having 25 one or more bearings (not shown). The shaft 426 can also be
two nearly identical processors and drive circuitry that
electrically coupled to a flexible electrical contact (not
brushed motors. In one implementation , the motors are 8 30 contact is electrically coupled to an external cautery gen
mm and /or 10 mm FaulhaberTM motors . Alternatively , the

erator that is located at a location that is external to the

motors can be brushless motors. In a further embodiment,

patient. In one alternative embodiment, the proximal and

the motors can be any known motors for use in robotic

distal cautery shafts constitute a single , unitary cautery shaft.

surgical devices . It is further understood that any types of

FIG . 19 shows one implementation of the components

actuation mechanisms can be substituted for any of the 35 that operate to cause the sleeve 408 to move between its

motors described herein .
It is understood that the various bearing configurations
and positions within these embodiments can be changed

retracted and extended positions. As shown in FIG . 19 , the
forearm body 401 also has an actuation component 430 that
in this example is a motor 430. The motor 430 is rotationally

such that there are more or fewer bearings in the same or

coupled to drive gear 432, which is rotationally coupled to

the various robotic device embodiments described above is
depicted in FIG . 15 . The forearm 400 has a cautery end
effector 402 that also provides suction and irrigation . In

bearings 440 , 442. The leadscrew 436 is coupled to a nut
438 . More specifically, the nut 438 has an internal, threaded
lumen through which the leadscrew 436 is positioned such

different positions as desired .
40 driven gear 434 . The driven gear 434 is rotationally coupled
Another forearm 400 embodiment that can be used with
to a threaded leadscrew 436 , and both are supported by

addition , the end effector 402 is rotatable around its longi- 45 that the external threads of the leadscrew 436 are threadably

tudinal axis. As is understood in the art, suction is used to

coupled to the internal threads of the nut 438 . The nut 438

remove fluid and small pieces of tissue from the patient

is constrained such that it cannot rotate .More specifically , in

during a procedure . Further, irrigation relates to the flooding this particular embodiment, the nut 438 is shaped and
of a fluid , generally saline, in order to clean a surface and to
positioned within the body 401 of the forearm 400 such that
clear away blood in order to identify and locate bleeding . 50 the nut 438 does not rotate when the leadscrew 436 is
The forearm 400 implementation improves upon the rotated . Further, the nut 438 is coupled to the retractable
known SurgiWandTM device 410 depicted in FIGS. 16A sleeve 408 such that movement of the nut 438 causes

16C , which also combines a monopolar hook cautery 412

movement of the sleeve 408 . When the motor 430 is

with suction and irrigation capabilities. The specific forearm
actuated , the drive gear 432 rotates , thereby rotating the
400 embodiment as shown in FIG . 15 provides a cautery end 55 driven gear 434 . Rotation of the driven gear 434 causes

effector 402 having suction and irrigation on a forearm 400

of a robotic device that can be positioned entirely within a
cavity of a patient or positioned in an incision (including a

rotation of the leadscrew 436 , which causes the nut 438 to

translate axially, which causes the sleeve 408 to extend or
retract . As best shown in FIGS. 18 and 19 , the sleeve 408

single incision ) such that the device can perform a procedure slides along and thus is supported by the proximal cautery
60 shaft 426 .
As best shown in FIG . 15 , the forearm 400 has a forearm
FIG . 20 depicts a proximal portion of the forearm 400 ,
body 401, and the cautery end effector 402 has a cautery
showing the proximal end of the proximal cautery shaft 426 .
hook 404 , a distal cautery shaft 406 , and an extendable The proximal end of the shaft 426 has a concentric port 450
sleeve 408 . As best shown in FIGS. 17A and 17B , the that connects an external suction /irrigation line to the cau
extendable sleeve 408 can move between a retracted posi- 65 tery shaft 426 . More specifically , the port 450 connects to the
tion as shown in FIG . 17A and an extended position as
cautery shaft 426 and further connects to external port 452 .
shown in FIG . 17B . In the retracted position , the cautery The concentric port 450 may or may not have a sealing
within the patient' s cavity .
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feature between the port 450 itself and the cautery shaft 426 .
Both the suction and irrigation aspects share a single lumen

that extends to the surgical site in the cautery shaft 426 .
The relative location of the valve system in relation to the

functional tip of the device plays a large role in the amount 5
of dead space in the system . Dead space is the volume that

is not directly controlled by the valve . In the case of the prior
art SurgiWandTM device , the entire volume of the cautery

shaft is dead space since for example irrigation does not
stop when the valve is released but rather after the irrigation 10
fluid has been drained from the shaft. Minimizing that dead
space can result in better reaction times for the system . One
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is concentric with the first lower bevel gear and
the first upper bevel gear ; and
( ii ) a first upper gear drivetrain comprising a second
motor disposed within the elongate device body,
wherein the second motor is operably coupled to the
first upper bevel gear;
(b ) a first shoulder joint comprising a first output shaft
fixedly attached to a first outputbevel gear, wherein the
first output bevel gear ismechanically engaged with the
first upper and first lower bevel gears ; and

( c) a first arm operably coupled to the first shoulder joint.

2 . The robotic device of claim 1 , wherein the first arm is
method for limiting that dead space would be to run two
a
first
upper arm , wherein the device further comprises a first
lumens to the forearm and then have them combine with the
single cautery shaft. In one embodiment of this design , the 15 forearm operably coupled to the first upper arm .

3. The robotic device of claim 2 , further comprising a first
end effector operably coupled to the first forearm .

valves are located at the back of the forearm 400 . In the
preferred embodiment, the valves are located extracorporeal

4 . The robotic device of claim 1 , further comprising :

to the patient and the lines rely on the surface tension and

produced vacuum of the irrigation fluid to prevent unin
tended drainage of the fluid .

It is understood that alternative embodiments of the

(a ) a second lower gear drivetrain comprising:

20

forearm with the cautery end effector can use pneumatics ,

hydraulics, shape memory metals , or alternative drive meth
ods to further improve the behavior of the suction /irrigation

sleeve . In further implementations, brushless motors can be 25
used . In addition , certain embodiments have a retractable
sleeve that has additional holes along the outer edge and
extending upwards along the axis of the sleeve . These holes

can help to prevent damaging forces during occlusion of the
suction tip . In yet another alternative implementation , the 30

suction / irrigation configuration with the single lumen

extending along the length of the forearm could also be used

in other types of forearms and / or end effectors , such as

graspers or scissors .

There are certain advantages to these embodiments of a 35

(i) a third motor;
( ii ) a second driveshaft operably coupled to the third
motor and fixedly attached to a second lower bevel
gear, wherein the second driveshaft is disposed
within and independently rotatable in relation to a
second upper bevel gear, wherein the second drive
shaft is concentric with the second lower bevel gear
and the second upper bevel gear ;

(b ) a second upper gear drivetrain comprising a fourth
motor operably coupled to the second upper bevel gear ;
(c ) a second shoulder joint comprising a second output
shaft fixedly attached to a second output bevel gear,
wherein the second output bevel gear is mechanically
engaged with the second upper and second lower bevel
gears ; and
(d ) a second arm operably coupled to the second shoulder

cautery end effector. For example, the surgeon does not need
joint.
change the control modality at all since the functional point
of the cautery is also the functional point of suction/ irriga
5 . The robotic device of claim 4 , wherein the second arm
tion system . Further, there is also added benefit in how the
is a second upper arm , wherein the device further comprises
cautery is allowed to roll, because the orientation of the hook 40 a second forearm operably coupled to the second upper arm .
6 . The robotic device of claim 5 , further comprising a
can play a big role in its effectiveness.
While multiple embodiments are disclosed , still other
second end effector operably coupled to the second forearm .
embodiments of the present invention will become apparent
7 . The robotic device of claim 1, wherein the second
to those skilled in the art from the following detailed

motor is disposed distal of the firstmotor within the elongate

description , which shows and describes illustrative embodi- 45 device body.

ments of the invention . As will be realized , the invention is
capable of modifications in various obvious aspects, all

without departing from the spirit and scope of the present

8 . The robotic device of claim 7 , wherein the first and
second motors are coaxial.

9 . The robotic device of claim 1 , wherein the first and

invention . Accordingly , the drawings and detailed descrip second motors are disposed proximal of the shoulder joint
tion are to be regarded as illustrative in nature and not 50 within the elongate device body.
restrictive .
10 . A robotic device comprising :

Although the present invention has been described with
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the 55
reference to preferred embodiments , persons skilled in the

invention .

What is claimed is :

1 . A robotic device comprising :

(a ) an elongate device body comprising:
60
(i) a first lower gear drivetrain comprising :
(A ) a firstmotor disposed within the elongate device
body; and
( B ) a first driveshaft operably coupled to the first
motor and fixedly attached to a first lower bevel
gear, wherein the first driveshaft is disposed 65
within and independently rotatable in relation to a

first upper bevel gear, wherein the first driveshaft

(a ) an elongate device body comprising:
( i) a first shoulder gear set, comprising :
( A ) a first upper bevel gear;
(B ) a first lower bevel gear ;
(C ) a first output bevel gear mechanically engaged
with the first upper and first lower bevel gears ;

( ii) a first lower gear drivetrain comprising:

( A ) a first motor disposed within the elongate device
body ;
(B ) a first driveshaft operably coupled to the first
motor and fixedly attached to the first lower bevel
gear , wherein the first driveshaft is disposed
within and independently rotatable in relation to
the first upper bevel gear , wherein the first drive
shaft is concentric with the first upper and lower
bevel gears ;
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(i) a first shoulder drivetrain comprising:

( iii) a first upper gear drivetrain comprising a second

motor disposed within the elongate device body,

wherein the second motor is operably coupled to the

first upper bevel gear ;
(b ) a first shoulder joint comprising a first output shaft 5
fixedly attached to the first output bevel gear; and

(c ) a first arm operably coupled to the first shoulder joint.

11 . The robotic device of claim 10 , wherein the first arm
is a first upper arm , wherein the device further comprises a
first forearm operably coupled to the first upper arm .

12 . The robotic device of claim 11 , further comprising a
first end effector operably coupled to the first forearm .
13 . The robotic device of claim 10 , further comprising :

(a ) a second shoulder gear set, comprising :
(i) a second upper bevel gear ;
(ii) a second lower bevel gear;
(iii ) a second output bevel gear mechanically engaged

with the second upper and second lower bevel gears ;
arising ::
(b ) a second lower gear drivetrain comprising

(i) a third motor disposed within the elongate device
body ;
(ii) a second driveshaft operably coupled to the third

( A ) a first motor disposed within the elongate body ;
( B ) a first driveshaft disposed within the elongate
body and rotatably coupled to the first motor ; and

(C ) a second motor disposed within the elongate
body;
( ii ) a second shoulder drivetrain comprising:
( A ) a third motor disposed within the elongate body ;
( B ) a second driveshaft disposed within the elongate
body and rotatably coupled to the third motor, and
( C ) a fourth motor disposed within the elongate
body;
(b ) a first shoulder joint disposed at a distal end of the

elongate body, the first shoulder joint comprising:

15

(i) a first upper gear rotatably coupled to the second
motor, the first upper gear comprising a first gear

opening defined therein , wherein the first driveshaft

is disposed through the first gear opening such that

the first upper gear is independently rotatable in
20

relation to the first driveshaft;
(ii ) a first lower gear fixedly attached to the first
driveshaft, wherein the first driveshaft is concentric
with the first upper gear and the first lower gear ; and

( iii) a first output gear mechanically engaged with first

motor and fixedly attached to the second lower bevel
gear, wherein the second driveshaft is disposed 35
within and independently rotatable in relation to the
second upper bevel gear, wherein the second drive
shaft is concentric with the second upper and second

(c ) a second shoulder joint disposed at the distal end of the

shaft fixedly attached to the second output bevel gear; 35
and

rotatable in relation to the second driveshaft;
( ii ) a second lower gear fixedly attached to the second
driveshaft, wherein the second driveshaft is concen
tric with the second upper gear and the second lower
gear ; and
(iii) a second output gear mechanically engaged with

arm is a second upper arm , wherein the device further yo10

second upper gear and the second lower gear;
(d ) a first arm operably coupled to the first shoulder joint ;
and
(e ) a second arm operably coupled to the second shoulder
joint.

lower bevel gears;
(c ) a second upper gear drivetrain comprising a fourth 30
motor disposed within the elongate device body,
wherein the fourth motor is operably coupled to the
second upper bevel gear;
(d ) a second shoulder joint comprising a second output
(e ) a second arm operably coupled to the second shoulder
joint.
14 . The robotic device of claim 13 , wherein the second
comprises a second forearm operably coupled to the second

upper arm .

15 . The robotic device of claim 14 , further comprising a

second end effector operably coupled to the second forearm .

16 . The robotic device of claim 10, wherein the second 45

motor is disposed distalof the firstmotor within the elongate
device body.

17 . The robotic device of claim 16 , wherein the first and

second motors are coaxial.
18 . The robotic device of claim 10 , wherein the first and so
second motors are disposed proximal of the shoulder joint
within the elongate device body.

19 . A robotic surgical device comprising :
(a ) an elongate body sized to be disposable through an

incision in a patient, the elongate body comprising:

upper gear and the first lower gear ;

elongate body, the second shoulder joint comprising:

(i ) a second upper gear rotatably coupled to the fourth

motor, the second upper gear comprising a second
gear opening defined therein , wherein the second
driveshaft is disposed through the second gear open

ing such that the second upper gear is independently

20 . The robotic device of claim 19 , wherein

the second motor is distal to and coaxial with the first
motor;

the fourth motor is distal to and coaxial with the third
motor ;
the first output gear has an axis of rotation that is
transverse to an axis of rotation of the first upper gear
and the first lower gear; and
the second output gear has an axis of rotation that is

transverse to an axis of rotation of the second upper
gear and the second lower gear.

